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des 3rd International Congress of Plant Pathology 
R. K. S. Wood 
My choice of subject for this lecture was in part accidental. 
When Professor SCHUHMANN invited me to give it, I was a 
member of a small committee preparing the response of 
Imperial College to a paper from our Department of Educa­
tion and Science on "High er Education into the 1990's". lt 
was about problems facing our Universities. I decided that a 
lecture on a similar theme might be suitable for this occasion. I 
proposed a title, Professor SCHUHMANN promptly agreed to it, 
and I was landed with it, "Plant Pathology into the 21". When 
it was too late to change my mind, I realized that the 21 was 
only 22 years away. This means th.at I myself may have to face 
the forecasts I make today because, despite all appearances, I 
fully intend to be around in 2001. In 30 minutes I could talk in 
some depth on one topic in which I am a bit of an expert. Or 
skate lightly over many subjects about which I know much 
less. This is what I shall do, on my wife's principle that it is 
always easier and sometimes even more profitable to speculate 
from ignorance than from knowledge. 
In considering the next 22 years it might be useful to go back 
for the same period and see what has happened since 1956. 
Weil, of course, almost all of plant pathology is the same now 
as it was then. And so it will continue in the future, at least 
until 2001. With that I could, I suppose, end the lecture. But, 
instead I shall remind you that, in fact, there have been many 
remarkable advances since 1956. I shall use some as examples 
for talking on what may happen during the rest of this century. 
I shall start with viruses though I doubt that I now know 
enough about them, even for speculation. But in 1956, I did 
know the subject pretty weil, as summarized in Bawden's 
classic text. As I recollect, in that book, or indeed, elsewhere, 
there was little on mycoplasmas as infectious agents, and 
nothing on viroids. And not much on viruses as pathogens of 
other than higher plants. Now, I think, we would expect to find 
viruses, or their Iike, in any type of plant, and be surprised 
when we do not. Increasingly, I suppose, the trick will be to 
spot them when they are not causing symptoms such as we 
expect. When we find them in plants we have regarded as 
healthy, what are they doing there apart from multiplying? 
Clearly there are many interesting possibilities. For example, 
do they affect responses to other viruses or even other patho­
gens? Do they affect growth? If they do, is it always adversely? 
What about quite other types of infectious agents? With 
viroids, for example, have we reached the lower limits? In 
contrast, are there much larger and cryptic pathogens such as 
the queer bacteria that are emerging as causes of diseases once 
attributed to viruses? An odd aspect of such and possibly other 
diseases, is how what seems to be so small a number of agents, 
have such !arge effects on the plants which they inhabit. But 
are there, in fact, many more of them in the plants than we 
detect at present? If so, how are we going to find out? Will 
ELISA, or her still more perceptive offspring, bring to light a 
host of undercover agents? With that, I really have said 
enough but I cannot resist asking how soon we can expect 
some· striking advances in chemical control? These now seem 
to be somewhat overdue. And, when will virologists become as 
interested ii1 specificity as are their colleagues who work with 
bacteria and fungi? Because in some respects the way ahead 
with viruses would seem to be the more promising. 
Mycoplasmas were one of the star turns at our First Con­
gress in 1968, about half way through the period I am consid­
ering. So was the growth in culture, for the first time, of an 
obligate parasite, at least unequivocally. This promised weil 
for the future, in all sorts of ways. But I hope that I am not 
unfair when I say that the reality· has been somewhat disap­
pointing. Growth in culture is still largely limited to a few rust 
fungi. And what we have learned about it has not helped very 
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much in understanding obligate parasitism. So, it remains a 
challenging problem. Even more so when we also consider the 
many rust fungi in which the monokaryotic and dikaryotic 
phases live their specialized Jives in quite unrelated species. 
And if one appraises the chances of growing a powdery mildew 
in culture. However, the rusts and powdery mildews are 
isolated groups of fungi and not perhaps the best material for 
research on obligate parasitism. Would it be better to use 
downy mildews? Because then there are related fungi with a 
very similar mode of life in plants, yet far from obligate in their 
parasitism. For me, the most intriguing aspect of obligate 
parasitism is why the parasite does not kill susceptible proto­
plasts, in spite of what eise it does to them. And, how it does 
kill resistant protoplasts. Though, perhaps not so frequently as 
we have assumed. But, we should also reflect that many of the 
parasites we call facultative kill resistant but not susceptible 
cells, at least in the early and critical stages in parasitism. 
Perhaps we should investigate whether the life styles of the 
two types of parasites are so different as we have thought in 
the past. Certainly within plants. And probably outside too, 
because it seems that some facultative parasites do not have 
the gay and busy life that we ascribe to them as saprophytes. 
This too we should study especially in relation to biological 
control. 
Same further points. Are there any bacteria which are 
obligate parasites? Would we be aware of them if there were? 
And how often do fungi grow extensively in plants, especially 
in vascular elements, and not kill cells or cause symptoms we 
recognize? And what would be the significance of such 
growth? Again, is it always detrimental? Is Eriksson's myco­
plasm quite so improbable as _most of us have asserted? Does 
the intimacy of the association between obligate parasites and 
hast cells suggest the transfer to plants of much more than 
relatively simple metabolites? I leave you to imagine what I 
may have in mind. 
Now to yet another feature of the First Congress which may 
be regarded as the christening party for the systemic fungi­
cides. And our present Congress as the coming of age party, 
weil almost. And about time, because compared with insectici­
des we had a lang wait for öur systemic fungicides. But, in 
compensation, we now have the remarkable developments of 
the past ten years. Culminating with the recent release of the 
compounds which close the net around the fungi by catching 
the Phycomycetes which hitherto had escaped. But, we have 
also paid for success, as many of us predicted we should. 
Because now, almost for the first time, on any scale, we have 
resistance of fungal pathogens to fungicides as an ominous 
problem in the field. Though it remains to be seen whether it 
will become so serious as some have predicted. Wliat more do 
we expect from systemic fungicides apart, that is, from cheaper 
ones? Above all we want fungicides that rapidly move down­
wards in plants. In the words of a current teievision commer­
cial on Heineken beer - movement to the parts that other 
fungicides do not reach! Perhaps at this Congress we shall hear 
that we are already at this stage. If not, then I believe we shall 
be, weil before 2001. And when we are, we shall have entered 
a new era in chemical control, especially of diseases caused by 
soil-borne pathogens. For all fungicides, we must look for 
much more efficient application. With present methods, the 
pi:oportion of the applied product that hits the target is very 
low indeed. With all that this means in terms of cost and 
unnecessary loading of the environment with substances which 
need not be there. Can we hope that the new fungicides, 
particularly the systemics, will not provoke pathogens into 
producing reststant strains - horizontal rather than vertical 
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fungicides, with acknowledgements to v AN DER PLANK and 
ROBINSON. What about more substances active systemically 
against plant pathogenic bacteria? And against the new types 
of infectious agents that, no doubt, we shall discover. 
Same final points about fungicides. Almost all are now 
aimed at preventing spare germination and the vegetative 
growth of fungi. Which then stops the development of lesions 
in challenged plants? But a substance could control a disease 
caused by a fungal pathogen if it did no more than prevent 
. sporulation. Vis-a-vis the hast plant, the chances of such a 
substance being selective might be much greater. So, shall we 
see a new type of fungicide with little effect on infection and 
colonization, but which prevents sporulation so that the patho­
gen stays where it is? Are there in the offing fungicides which 
act against still other features unique to fungi, or to bacteria? 
Or substances that act against the enzymes and toxins which 
pathogens use to damage plants, or alter the corresponding 
substrates or receptors so that they become resistant, or un­
vailable? This is where we shall need a Jot of imagination and 
enterprise. I see that for one of these features, the medical 
mycologists may already be ahead of us. 
The next subject did not figure prominently in the First 
Congress. lt was beginning to make itself feit in the Second 
Congress, mainly in relation to phytoalexins. lt will, I hope, be 
much more evident during the next few days. I refer to 
specificity of parasitism by bacteria and fungi. By this I mean, 
first, why a parasite grows on one or a few plants but not on 
the great majority. And, the complementary problem, why a 
plant will prevent almost all micro-organisms from growing in 
it. So too, the similar problems for viruses. In specificity, surely 
we have one of the greatest challenges for the future, particu­
larly when it is coupled, as it must be, with pathogenicity. In 
recent years we have talked about these problems and worked 
on them more than ever before. But progress has been pain­
fully slow. Indeed, I sometimes wonder whether we are much 
further forward in our ideas than was MARSHALL WARD at the 
turn of the century. Both conceptually and in the reality, there 
have been many false dawns, some quite recent, but few really 
firm and profitable advances. But now there is the prospect of 
new and exciting developments. Who knows, we may be told 
of some during this Congress. Tue advances I expect to see 
could, by 2001, transform our concepts of the relations be­
tween parasites and hast plants, and of how these can be 
exploited for better methods of control. 
As an example, there is the recent work on the crown gall 
bacterium. This, at last, provides a real insight into its pathoge­
nicity. Success depended on techniques developed for the 
transfer and study of plasmids. There is still a long way to go 
for a full understanding of the disease itself, but it now seems 
that we are at the end of the beginning. Other work which 
promises weil is that on the deliberate induction of resistance 
in genetically susceptible plants, and the reverse. And on the 
very early reactions between a pathogen and its hast plant 
which determine whether or not the pathogen will continue to 
grow. And if it does not, then why not? What is the role in 
these early reactions of the various agents by which pathogens 
damage cells? Do pectic and other enzymes merely lambaste 
the cells? Or do they have more subtle roles to play? Similarly, 
for toxins, especially those that are hast specific. Or is their 
specifjcity redundant?. In liiht of other recognition-type reac­
tions ·between pathogen and hast which may be the real 
determinants of specificity? How do these reactions link with 
others that more directly act against the pathogen, such as 
phytoalexins? Along related lines we shall explore the tech­
niques available even now for the manipulation of genetic 
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material, plasmids, transposons, insertion sequences, and for 
their transfer between organisms. There is no knowing where 
these techniques will lead. With all that this could mean for 
expansion of how we can elucidate and then exploit the disease 
resistance which abounds in higher plants. For example, Phy­
tophthora infestans did in the past become genetically adapted 
to the potato, a few other related plants, but to none other. Is 
it too fanciful to suppose that we may be able to reverse the 
process so that a potato leaf becomes no more to Phytoph­
thora infestans than an apple leaf? Possibly it is, but in other 
fields, developments every bit as fanciful are being considered, 
and explored. So, why not in plant pathology? Then, there is 
the possibility that what a gene can do, a clever chemist may be 
able to do as weil and more reliably. Some fungicides of the 
future (they will, of course, have different names - one has 
already been suggested) may work very differently from those 
we use today, which almost always are aimed directly at the 
pathogen. The plant is merely the carrier. The new substances 
again could exploit the defence mechanisms present in all 
plants. These are effective against all but a few pathogens. 
Why then not activate them against the pathogens by simu­
lating what genes for resistance do against non-pathogens in 
similar circumstances. This attractive proposition may already 
be sponsoring a Jot of research. Indeed, there is a new fungi­
cide which may act in this way. One expects many more tobe 
in the pipeline. 
Now, briefly, what other major fields, what other important 
advances? I hope in our understanding of diseases caused by 
soil-borne pathogens. Though we should not expect too much, 
too soon, because this is one of the most difficult fields in plant 
pathology. After all, it is, essentially, the ecology on a micro 
scale of a pathogen and many other microorganisms, largely 
unknown, in a highly complex, opaque, and changing medium. 
What more could a martyr want? Those on the outside must 
admire those who do work in this field. But also pray for them 
in their trials and tribulations with these, among the most 
intractable of our diseases. Fortunately, for their chemical 
control we may avoid the constraints imposed by soil by 
applying to the tops of plants fungicides that then move to the 
roots. For the optimistic there is also the tantalizing prospect 
of biological control. Though for many years now, we have 
been long on promises and expectations and short on achieve­
ment, with a few notable exceptions. Biological control, to be 
successful, must become as reliable as methods based on 
chemicals. To achieve this reliability will call for much tho­
rough and imaginative research. Biological control is not the 
soft option that it is sometimes assumed to be. But success will 
give large rewards and will please the environmentalists. Bio­
logical methods should perhaps have a special place in the 
developing countries. Many other lines of research come to 
mind. Of which I shall mention only a few. Such as the use of 
selective fungicides to sort out the causes of replant diseases 
and of disease complexes. Roots must constantly be chal­
Ienged by microorganisms, pathogenic and non-pathogenic. 
With what consequences? Are roots ever wholly, healthy? 
How often does sub-clinical infection cause harm, or confer 
benefits? How do seeds ever survive the microbiological on­
slaught from the soil? What do the pathogens do when they 
are not being parasites? And so on. I'm beginning to wish I 
were a soil-borne pathologist! 
Next, epidemiology and forecasting which, in view of their 
importance, are still neglected. Possibly because they are too 
difficult for many of us. They certainly are for me. But then the 
British climate would discourage all but the most determined 
of forecasters. There is, however, and will be the select band 
who have been and will do excellent work in these fields. We 
can be certain of more, and striking developments. And that 
they will be increasingly mathematical and computer based. 
But not, I trust, correspondingly more remote from reality. Let 
me cover myself by directing the same comment at any other 
type of pathology that gets too remote from the diseased plant. 
Undoubtedly, we shall have many more models that aim to 
represent the development of diseases in the field, particularly 
as epidemics. And these models should improve in realism as 
the modellers give their computers more data to crunch. 
Mostly, I trust hard data from the biologists working with 
diseased plants. But the validity of any model will be appraised 
from its success in prediction. And here, I suggest, quite 
sympathetically, that we should not expect too much too soon. 
Because the problems· are most formidable. However, there 
could be more than scientific satisfaction and practical benefit 
in their solution. Because those who do develop good models 
should be able to forecast how important diseases will develop. 
Therefore, in some years should they not be able to supple­
ment their incomes by playing the futures markets in major 
crops? Not too remote a prospect in light of what I have heard 
about corn and Southern leaf blight in 1970. And why not? 
This brings me to a related topic. Forecasting the severity of 
a known disease in one region, for a relatively short time 
ahead, is one thing. But did anyone forecast weil in advance 
the impact of Southern leaf blight of corn in all its severity in 
1970? And who would have predicted that in the past few 
years, Dutch elm disease would kill weil over half of the elm 
trees in the U.K., twelve million or more? Such predictions 
could not have been made because races new to these regions 
caused these epidemics. We can be certain that there will be 
many similar examples, of known diseases suddenly becoming 
much more widespread and damaging. But there will also be 
other quite new diseases, with the potential of being catastro­
phic. lt is unlikely that mathematics and computers will help 
much in the problems that they will cause. What eise is there? 
Weil, crystal balls, hunches, and eternal vigilance for spotting 
the start of the trouble. And then the plans, people and the 
equipment for dealing with it on a scale appropriate to the 
emergency, locally, nationally or internationally. Expensive? 
Yes. But consider the rewards in light of the disasters that 
could have been prevented in the past. 
Next, genetics and breeding for resistance. I can comment 
only as an admiring, interested, but wholly innocent observer. 
By asking a few questions of those who work in this field. Will 
you continue to indulge in a succession of short-lived but 
passionate affairs with !arge buxom and accomplished blondes 
as major genes; remembering the fickleness of their favours, 
and that as the clients get older, the blondes have to become 
more versatile, and work harder if they are to produce the 
same effects as they did earlier? Or, will you provide instead a 
)arge barem of lesser beauties, as minor genes, none of whom 
will perform quite so weil, but weil enough, and in total with 
the same effects. But, above all will continue faithful. And will 
you, or rather your customers, be willing to sacrifice some of 
the cosmetic perfection and the convenience of high homoge­
neity of crops for the benefits of more variability and Iess 
disease? Will you allow your isolines to become a little Iess iso 
and more hetero, again with disease in mind? And propose the 
now unthinkable, crops of different cultivars even in the same 
field, so that pathogens will have to work much harder for 
their living. Also, will you succumb to the attraction of less 
resistance but with some fungicide instead of a Jot of re­
sistance, which, increasingly, may be difficult to achieve, or a 
Jot of fungicide, which may be too expensive? Then we shall, at 
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last, have caught up with the entomologists by indulging in 
integrated control. About which, in this and other connexions 
we shall, no doubt, hear much more in the future. I only hope 
that it is as good as the entomologists say it is. 
Now to my last and quite different topic, on plant pathology 
as a technology because that is what most of it is about - the 
application of our science for the common good. Our tech­
nology has been, and is remarkably successful. For this success 
we must pay particular tribute to those who work in extension 
and in industry. Too often, they are out of the limelight. But 
where would plant pathology be without their efforts? They 
and others will continue the success in the future unless the 
Food and Drug people and environmentalists get really out of 
hand and frustrate their efforts. In the developed countries, 
there will be no serious shortages of staple foods and other 
crop products, though there will be the occasional scares and 
temporary dislocations. With this background the main func­
tion of plant pathology, and of other crop technologies, will be 
continually to increase efficiency and reliability of production 
and crop quality. 
But what about the developing countries? Here the benefits 
of our technology have been largely confined to high value 
plantation crops. These are vital to their economies because 
they earn the foreign exchange for industrial and social deve­
lopment. And they will continue to benefit as our technology 
improves. But what about the staple food crops against a 
background which is so much the reverse from that in deve­
loped countries; rapidly increasing populations, small hol­
dings, low yields, a surplus of labour, low capital investment; 
and shortages, often desperate, instead of surpluses? 
How should plant pathology function as a technology in 
these different and demanding circumstances? Here, surely is 
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where so much more of our effort must be directed in the years 
ahead. Success with these crops will require technologies 
different in style and application from those in the developing 
countries. They will emerge only from imaginative research, 
and realistic but sympathetic understanding of the conditions 
and traditions in which they must operate. I see these tech­
nologies as being based more on minimal use of expensive 
fungicides and elaborate equipment, on better planned, more 
extensive but conservative use of the genetic resources of the 
local crop plants. Also with emphasis on decreasing drastically 
the huge post harvest losses that are all too common. Perhaps, 
more control by biological methods. Always with emphasis not 
so much on high as on acceptable levels of control, coupled 
with reasonable yields. On methods that are cheap, safe, 
simple and above all reliable. One cannot accord the risks of 
failure when there are no reserves. 
Twenty-two years is a short time in which to expect too 
much change in the developing countries. But to realise their 
special needs can lead to research on technology appropriate 
to their agriculture and economic status, bearing in mind that 
these can, indeed, should, change only slowly. Perhaps the 
developed countries can best contribute by training their 
scientists on an ever increasing scale, particularly if they also 
pay for this training. And by ensuring that it is highly relevant 
to their needs. If this training, particularly the research, can be 
done in their own countries and be based on their own 
problems, so much the better. 
That, I trust, is a suitable note on which to end. I hope that I 
have not neglected too many interests in this rapid survey. 
That not too much of what I have said will be outdated by the 
end of this Congress. And that by the Eighth Congress in 2003 
some will remain to be done. 
